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Abstract
Background
HIV testing rates are suboptimal among at-risk men. Crowdsourcing may be a useful tool for
designing innovative, community-based HIV testing strategies to increase HIV testing. The
purpose of this study was to use a stepped wedge cluster randomized controlled trial (RCT)
to evaluate the effect of a crowdsourced HIV intervention on HIV testing uptake among men
who have sex with men (MSM) in eight Chinese cities.
Methods and findings
An HIV testing intervention was developed through a national image contest, a regional
strategy designathon, and local message contests. The final intervention included a multi-
media HIV testing campaign, an online HIV testing service, and local testing promotion
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campaigns tailored for MSM. This intervention was evaluated using a closed cohort stepped
wedge cluster RCT in eight Chinese cities (Guangzhou, Shenzhen, Zhuhai, and Jiangmen
in Guangdong province; Jinan, Qingdao, Yantai, and Jining in Shandong province) from
August 2016 to August 2017. MSM were recruited through Blued, a social networking
mobile application for MSM, from July 29 to August 21 of 2016. The primary outcome was
self-reported HIV testing in the past 3 months. Secondary outcomes included HIV self-test-
ing, facility-based HIV testing, condom use, and syphilis testing. Generalized linear mixed
models (GLMMs) were used to analyze primary and secondary outcomes. We enrolled a
total of 1,381 MSM. Most were30 years old (82%), unmarried (86%), and had a college
degree or higher (65%). The proportion of individuals receiving an HIV test during the inter-
vention periods within a city was 8.9% (95% confidence interval [CI] 2.2–15.5) greater than
during the control periods. In addition, the intention-to-treat analysis showed a higher proba-
bility of receiving an HIV test during the intervention periods as compared to the control peri-
ods (estimated risk ratio [RR] = 1.43, 95% CI 1.19–1.73). The intervention also increased
HIV self-testing (RR = 1.89, 95% CI 1.50–2.38). There was no effect on facility-based HIV
testing (RR = 1.00, 95% CI 0.79–1.26), condom use (RR = 1.00, 95% CI 0.86–1.17), or
syphilis testing (RR = 0.92, 95% CI 0.70–1.21). A total of 48.6% (593/1,219) of participants
reported that they received HIV self-testing. Among men who received two HIV tests, 32
individuals seroconverted during the 1-year study period. Study limitations include the use
of self-reported HIV testing data among a subset of men and non-completion of the final sur-
vey by 23% of participants. Our study population was a young online group in urban China
and the relevance of our findings to other populations will require further investigation.
Conclusions
In this setting, crowdsourcing was effective for developing and strengthening community-
based HIV testing services for MSM. Crowdsourced interventions may be an important tool
for the scale-up of HIV testing services among MSM in low- and middle-income countries
(LMIC).
Trial registration
ClinicalTrials.gov NCT02796963
Author summary
Why was this study done?
• HIV testing remains low among key populations, including MSM, especially in low-
and middle-income countries.
• Although crowdsourcing has been recommended as a tool for developing public health
interventions, few studies have formally evaluated crowdsourcing as a way to promote
health in a real-world setting.
• Previous studies on crowdsourcing have suggested that it may be a promising approach
to increase HIV testing among MSM in China.
Crowdsourcing to expand HIV testing in China
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What did the authors do and find?
• We investigated the effectiveness of a crowdsourced intervention in promoting HIV
testing among Chinese MSM in eight cities distributed in two provinces.
• We found that the crowdsourced intervention was effective in promoting HIV testing.
Compared to the control period, the intervention period showed an 8.9% absolute
increase (and a 43% relative increase) in HIV testing.
• The intervention was particularly effective in promoting HIV self-testing.
What do these findings mean?
• In this setting, we found crowdsourcing was a way to develop innovative and effective
HIV testing services. Further research is needed to examine this approach in other
settings.
• A crowdsourcing approach can help build and sustain community engagement related
to HIV testing.
• Programs aiming to expand HIV testing should consider crowdsourcing as a tool to
design tailored services.
Introduction
Approximately 14 million people living with HIV have yet to be tested, compromising the
effectiveness of HIV treatment and prevention programs [1]. Testing rates are particularly
poor among key populations (e.g., men who have sex with men [MSM], 25%–32%) in low-
and middle-income countries (LMIC) [1,2]. Entrenched community norms that marginalize
key populations, limited HIV resources, and insufficient community awareness all contribute
to low levels of HIV testing around the world, including China [3–5].
In China, HIV infection rates are still increasing among MSM, highlighting the need for
innovative HIV testing interventions [6,7]. Recent global literature suggests that community
involvement and social media can be important tools in reaching high-risk populations and
improving HIV testing rates [8,9]. In China, community engagement has also been shown to
be an important predictor of HIV testing [10], and previous community-based interventions
have shown promise [11,12].
Crowdsourcing can be a useful tool to develop community-driven HIV testing services in
LMIC [13]. It allows a group, including experts and nonexperts, to solve problems and share
solutions with the public [13]. Crowdsourcing is a scalable, cost-effective tool to aggregate
community wisdom [14]. Crowdsourcing approaches have been used to organize half a million
people to help identify viral protein structures [15], deployed laypeople for cardiopulmonary
resuscitation in out-of-hospital cardiac arrest [16], and solicited videos that promote HIV test-
ing [14].
However, the potential for crowdsourcing as a tool to develop community health services,
such as HIV testing, is uncertain; crowdsourcing for health improvement has focused on
developing single components of health campaigns [17], rather than creating a comprehensive
Crowdsourcing to expand HIV testing in China
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service. Pilot trials have suggested that crowdsourcing may be a useful tool for developing
images and videos to promote HIV testing [14,18]. Further research is needed to examine
whether crowdsourcing can effectively improve HIV testing services among key populations
in LMIC.
The purpose of this stepped wedge cluster randomized controlled trial (RCT) was to evalu-
ate a comprehensive crowdsourced intervention to increase HIV testing uptake among MSM
in China.
Methods
Summary
The study protocol provides a more detailed description of the trial design and analysis plan
(S1 Text) [19]. Briefly, we developed an intervention consisting of a multimedia HIV testing
campaign, an online HIV testing service, and local testing promotion campaigns tailored for
MSM. The intervention was developed using crowdsourcing and consisted of three compo-
nents: a nationwide open contest call for images and concepts that encourage HIV testing, a
72-hour regional designathon for developing HIV testing strategies [20], and local participa-
tory contests soliciting HIV testing messages. We then conducted a closed cohort stepped
wedge cluster RCT in eight Chinese cities to evaluate the impact of this crowdsourced inter-
vention compared to conventional programs routinely provided by local Centers for Disease
Control (CDCs) and community-based organizations (CBOs). The intervention was imple-
mented over 12 months. We followed standard guidelines for reporting stepped wedge cluster
RCTs (S1 CONSORT Checklist) [21].
Intervention development
The steps for intervention development are shown in Fig 1 and further explained in S2 Text.
Three participatory activities shaped the content and structure of the intervention: a nation-
wide open contest, a regional strategy designathon, and local participatory contests.
Nationwide open contest. The nationwide open contest solicited concepts and images
promoting HIV testing for 6 weeks, which was conducted from March to April of 2016. We
promoted the contest through social media and in-person community events with CBO part-
ners. Three social media platforms promoted the contest: WeChat, an instant messaging sys-
tem similar to Facebook and Twitter; Weibo, a Chinese microblogging platform; and QQ, an
instant messaging software. The four largest cities in Guangdong and Shandong Provinces
(Guangzhou, Shenzhen, Qingdao, and Jinan) were selected to implement additional in-person
community events to promote the open contest. In-person events included classroom presen-
tations led by contest organizers, feedback sessions for potential contest entries, and
announcements during events. Entries were evaluated by local MSM and experts using a
10-point scale (1 = worst; 10 = best). The top 40 entries (out of 431) were used as brainstorm-
ing materials for the regional designathon. Five images from this contest judged as exceptional
were ultimately used in the final intervention as promotional materials.
Regional strategy designathon. The regional designathon was conducted in May of 2016.
It was a 3-day, hackathon-like event, during which teams of five each developed an HIV testing
service strategy [20]. The strategies consisted of concepts, images, and implementation plans.
There were eight teams, one from each of the eight participating cities (Guangzhou, Shenzhen,
Zhuhai, and Jiangmen in Guangdong province; Jinan, Qingdao, Yantai, and Jining in Shan-
dong province). Each team consisted of one CDC worker for the local city, one MSM CBO
leader from the local city, and three other participants selected from a nationwide applicant
pool. Teams were provided with the top 40 entries from the national crowdsourcing contest.
Crowdsourcing to expand HIV testing in China
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Teams then had 72 hours to develop an HIV testing service strategy. The strategies were evalu-
ated by a steering committee (five members) consisting of local professionals in public health,
communications, civil society, and design. Judging criteria included (1) potential to encourage
HIV testing, (2) potential to generate enthusiasm, (3) community-based, and (4) feasible in the
local context [20]. Judges evaluated each strategy and provided feedback to teams. The two
best-scoring strategies were an HIV self-testing platform delivered by social media and a series
of local HIV testing story contests (S2 Text). These two strategies were incorporated into the
final intervention.
Integrated intervention components. The final intervention integrated exceptional
images from the national contest (Fig 2) and the two top-ranked strategies that resulted from
the designathon—an HIV self-testing platform delivered by social media and a series of local
HIV testing story contests. The exceptional images were disseminated by WeChat biweekly
during the intervention period (S2 Text). The HIV self-testing platform was built in WeChat,
Fig 1. Steps in intervention development. Details are provided in S2 Text. Exceptional defined by ranking after scores from three
independent judges. CBO, community-based organization; MSM, men who have sex with men.
https://doi.org/10.1371/journal.pmed.1002645.g001
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and men who were interested could provide their address to receive one free oral HIV self-test
kit in the mail. Men could also return a photo of the test results through WeChat. The local
story contests were co-organized by respective local CDCs and MSM CBOs in the eight cities
and aimed to promote continuing community engagement and HIV testing by soliciting sto-
ries of HIV testing from local individuals (S3 Text, three stories selected from the story con-
tests). Exceptional stories from the story contests were disseminated through social media
channels of local CBOs, and those who submitted exceptional entries were awarded prizes.
Study setting, recruitment, and randomization
We selected four cities each from Guangdong province (Guangzhou, Shenzhen, Zhuhai, and
Jiangmen) and Shandong province (Jinan, Qingdao, Yantai, and Jining). Each city had existing
infrastructure for MSM HIV surveillance led by the local CDC and capacity to deliver new
HIV testing services. Participants were eligible if they were born biologically male, age 16 or
older, currently living and planning to live in one of the eight cities for 12 months post-enroll-
ment, HIV-negative or unknown HIV status, had not had HIV testing within the past 3
months, had anal sex with a man at least once during their lifetime, and were willing to provide
their cell phone numbers for follow-up. We recruited participants through China’s largest
MSM social networking mobile phone application (app), Blued, by sending a survey invitation
to registered users in the eight selected cities.
Fig 2. Two of the six crowdsourced HIV promotion images used in the intervention package. The six images were delivered
biweekly during the 3-month intervention period via WeChat. Left text: “Let’s test for HIV together. Stop HIV from spreading in our
community.” Right text: “Son, what’s your rank? HIV test: one line means negative; two or three lines means suspected positive.
Please go and get HIV tested”.
https://doi.org/10.1371/journal.pmed.1002645.g002
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We randomly assigned the order of intervention for each of the four cities in Guangdong
province and Shandong province, then paired the cities by order of intervention (S1 Table).
Prior to receiving the intervention, cities were considered to be in the control state. We initi-
ated the intervention for each pair at 3-month intervals, and each pair of cities received the
intervention for 3 consecutive months. In total, we collected data at baseline followed by four
data collection points over 12 months.
Follow-up
After electronically signing an informed consent form, all participants were asked to fill out a
survey at baseline, and at every 3 months thereafter. Any participant who returned a photo of a
positive test result was counseled to seek out confirmatory testing from their local CDC or
CBO and was no longer eligible for subsequent follow-up surveys. Conditions of the control
state, intervention, and post-intervention period are shown in Fig 3.
Sample size
To determine the necessary sample size for recruitment, we assumed that a crowdsourced
intervention would be more effective than a conventional method for promoting HIV testing
[14]. We assumed an HIV testing rate of 25% during the control period and 35% during the
intervention period. These assumptions were made based on existing levels of HIV testing
under conventional HIV testing promotion and pilot data evaluating crowdsourced HIV test-
ing videos in China [14]. With eight clusters (cities), four intervention time lines, a coefficient
of variation of 0.4, a 0.05 significance level, 90% power, and 30% loss to follow-up, we planned
to recruit at least 1,040 men from the eight cities (130 from each city).
Measures
The primary outcome of this study was the proportion of participants who tested for HIV over
the previous 3 months. This was assessed based on self-reported data from each follow-up
Fig 3. Conditions during the control, intervention, and post-intervention phases. Self-testing platform for Group 1 was delayed
until the post-intervention period. #Length of these periods varied by randomization group. CBO, community-based organization;
CDC, Center for Disease Control.
https://doi.org/10.1371/journal.pmed.1002645.g003
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survey. We also measured the following secondary outcomes: facility-based HIV testing; HIV
self-testing; syphilis testing; condomless sex; using WeChat, Weibo, QQ, or mobile phone
applications to give/receive information about HIV testing; anticipated HIV stigma; HIV test-
ing social norms; HIV testing self-efficacy; and community engagement in sexual health. We
adapted validated scales to measure anticipated HIV stigma [22], HIV testing social norms
[23], HIV testing self-efficacy [24], and increase in community engagement in sexual health
during the follow-up period (as compared to baseline) [10]. The primary and secondary out-
comes were measured at baseline and in each of the four follow-up surveys at 3, 6, 9, and 12
months after baseline. We also measured incident HIV testing during the study period,
defined as a participant’s first HIV test during the study period, as well as incident HIV testing
among participants who had never tested for HIV at baseline.
Statistical analysis
Descriptive analysis was used to summarize the demographic characteristics and HIV testing
proportions. To investigate the effect of the intervention, we evaluated the difference in proba-
bility of HIV testing in the control period and in the intervention period (including the post-
intervention period). We applied intention-to-treat analysis utilizing generalized linear mixed
models (GLMMs) to evaluate the primary and secondary study outcomes. Intervention status
and time indicators allowing for piecewise secular trends were considered fixed effects, while
sites and individual participants with multiple measurements across the four follow-ups were
considered random effects [25]. We treated all intervention periods and post-intervention
periods in the same manner. The estimated intervention effect sizes (risk ratio [RR] for binary
outcomes, and mean difference for continuous outcomes) were each reported with a 95% con-
fidence interval (CI) and p-value. We encountered non-convergence problems when a log-
binomial GLMM was used to estimate relative risk. Thus, we employed a log Poisson GLMM
model [26].
Sensitivity analyses were conducted to evaluate a per-protocol effect and a city/cluster-level
effect of the intervention on HIV testing proportion in the past 3 months. The per-protocol
analysis only included participants who reported viewing the intervention materials. For the
city-level intervention effect, we used the HIV-testing proportion of each city across the four
follow-ups as the outcome, and fit a normal linear mixed model that accounted for the random
effect of sites to estimate the difference in HIV testing proportions. An intention-to-treat sen-
sitivity analysis was conducted to evaluate the effectiveness of the intervention while adjusting
for the province in the model. According to our prespecified analysis plan, we tested interac-
tions with age (>30 years old versus30 years old) and for cities with in-person community
activities during the intervention development phase (Jinan, Qingdao, Guangzhou, and Shen-
zhen). We also used multiple imputations to examine the intervention effect. Using multiple
imputations by chained equations and 30 imputed datasets, missing HIV testing data were
imputed at each follow-up period using a logit model that included baseline variables (age,
marital status, province, and income) and intervention status during the respective follow-up
period. A log Poisson GLMM was fit to estimate relative risk. Rubin’s rules were employed to
pool the parameter estimates using the MIANALYZE Procedure in SAS [27]. All data analyses
were completed using SAS 9.4 (Cary, NC).
Ethical statement
Ethical approval was obtained from the institutional review committees at the Guangdong
Provincial Center for Skin Diseases and STI Control (Guangzhou, China), Shandong Univer-
sity (Jinan, China), University of North Carolina at Chapel Hill (Chapel Hill, NC), and the
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University of California, San Francisco (San Francisco, CA). The trial is registered with Clini-
calTrials.gov (NCT02796963).
Results
Study participants
Participants were recruited from July 29, 2016, and followed until August 21, 2017. Overall,
the study link was clicked 39,764 times. Of these, 16,193 withdrew from the survey prior to
reading the consent form and 21,187 people did not meet eligibility requirements. Among the
remaining, 1,003 did not sign the informed consent form. (S1 Fig)
A total of 1,381 participants were enrolled. Of these, 203, 139, 134, and 203 were recruited
from Guangzhou, Jiangmen, Zhuhai, and Shenzhen, respectively, in Guangdong province,
while 180, 189, 182, and 151 were recruited from Yantai, Jinan, Qingdao, and Jining, respec-
tively, in Shandong province (Fig 4, S1 Table).
Fig 4. Trial profile. The intervention was implemented in a closed cohort stepped wedge design. Shaded cells represent intervention
and post-intervention periods and white cells represent the control period. Each group consists of two cities: one each from
Guangdong and Shandong provinces. Group 1—Guangzhou and Yantai; Group 2—Jiangmen and Jinan; Group 3—Zhuhai and
Qingdao; Group 4—Shenzhen and Jining. Surveys were distributed at each follow-up.
https://doi.org/10.1371/journal.pmed.1002645.g004
Crowdsourcing to expand HIV testing in China
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Randomization and follow-up
Based on the predetermined randomization schedule, 383 participants from Guangzhou and
Yantai were assigned to the first intervention group (Group 1), 328 participants from Jiang-
men and Jinan were assigned to the second group (Group 2), 316 participants from Zhuhai
and Qingdao were assigned to the third group (Group 3), and 354 participants from Shenzhen
and Jining were assigned to the fourth group (Group 4) (Fig 4, S1 Table).
Among the 1,313 HIV-negative or status unknown participants after the third follow-up,
306 did not finish our last survey, with a loss-to-follow-up rate of 23% (306/1,313, Fig 4). Loss-
to-follow-up rates were similar between the four intervention groups. Characteristics of partic-
ipants lost to follow-up differed in age and income from participants who completed the last
follow-up (S2 Table).
A total of 1,219 participants completed at least one follow-up survey. Participants who
missed one follow-up survey but rejoined the study at a subsequent survey date were assumed
not to have tested during the missed follow-up period.
Baseline characteristics of the participants
Demographic characteristics of the participants were similar across the four groups (Table 1).
The majority of participants were 30 years old or younger (82%), had never married (86%),
had a college degree or higher (65%), had an annual income below US$9,500 (74%), and had
disclosed their sexual orientation (65%). Most participants (95%) identified as male and the
rest identified as transgender. Seventy-one percent reported their sexual orientation as “tong-
xinglian,” gay. In addition, 73% of the participants reported that they had engaged in condom-
less sex in the past 3 months and 5% tested for syphilis in the past 3 months. At baseline, 57%
of participants had never tested for HIV.
The proportion of participants who tested for HIV
Overall, the proportion testing for HIV in the last 3 months increased after the intervention
and this trend was maintained during the post-intervention periods (Table 2). Similar results
were also found for each study city (S1 Table). The number of incident testers in each follow-
up period and the number of incident testers who had never tested for HIV prior to baseline
are shown in S3 Table. Generally, incidence of HIV testing was high during the intervention
period.
The proportion of individuals receiving an HIV test within a city was 8.9% (95% CI 2.2–
15.5) greater during the intervention periods (Table 3). In addition, results from the intention-
to-treat analysis showed that the probability of an individual HIV testing during the interven-
tion periods (including post-intervention periods) was higher than in the control periods (esti-
mated RR = 1.43, 95% CI 1.19–1.73) (Table 3). Multiple imputation analysis produced a
similar result. In the per-protocol analysis, the estimated effect size was larger (RR = 1.49, 95%
CI 1.21–1.83).
The model with interaction term suggested that the intervention effect was similar among
MSM who were 16 to 30 years old (RR = 1.41, 95% CI 1.16–1.72) compared to MSM over 30
years old (RR = 1.57, 95% CI 1.12–2.21, interaction test p = 0.52). In addition, the intervention
had a similar effect in cities with in-person community activities (RR = 1.56, 95% CI 1.24–
1.96) compared to cities that did not have in-person activities (RR = 1.35, 95% CI 1.06–1.73,
interaction test p = 0.27) (Table 3).
Crowdsourcing to expand HIV testing in China
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Cumulative HIV testing uptake
Out of 1,219 participants who completed at least one follow-up survey, 755 (62%) unique par-
ticipants self-reported that they tested for HIV at any point during the study period. Of these,
642 (85%) tested during the intervention and post-intervention periods (S3 Table). Of the 699
Table 1. Baseline characteristics of study participants (stratified by intervention group) in a crowdsourcing stepped wedge cluster randomized controlled trial in
China in 2016–2017 (N = 1,381).
Characteristics Group 1
(n = 383)
Group 2
(n = 328)
Group 3
(n = 316)
Group 4
(n = 354)
Total
(n = 1,381)
Gender
Male 364 (95%) 314 (96%) 301 (95%) 334 (94%) 1,313 (95%)
Transgender† 19 (5%) 14 (4%) 15 (5%) 20 (6%) 68 (5%)
Age, years
16–20 65 (17%) 78 (24%) 81 (26%) 87 (25%) 311 (23%)
21–25 146 (38%) 118 (36%) 94 (30%) 111 (31%) 469 (34%)
26–30 100 (26%) 80 (24%) 80 (25%) 95 (27%) 355 (26%)
>30 72 (19%) 52 (16%) 61 (19%) 61 (17%) 246 (18%)
Marital status
Never married 337 (88%) 290 (88%) 268 (85%) 299 (84%) 1,194 (86%)
Married 46 (12%) 38 (11%) 48 (15%) 55 (16%) 187 (13%)
Annual income, US$
<3,000 75 (20%) 82 (25%) 64 (20%) 64 (18%) 285 (21%)
3,000–6,000 75 (20%) 86 (26%) 71 (22%) 67 (19%) 299 (22%)
6,001–9,500 133 (35%) 88 (27%) 93 (29%) 120 (34%) 434 (31%)
9,501–15,000 65 (17%) 50 (15%) 52 (16%) 67 (19%) 234 (17%)
15,001 35 (9%) 22 (7%) 36 (11%) 36 (10%) 129 (9%)
Highest education
High school or below 132 (34%) 106 (32%) 118 (37%) 127 (36%) 483 (35%)
College or beyond 251 (65%) 222 (67%) 198 (63%) 227 (65%) 898 (65%)
Sexual orientation
Gay 296 (77%) 225 (69%) 230 (73%) 229 (65%) 980 (71%)
Bisexual 87 (23%) 103 (31%) 86 (27%) 125 (35%) 401 (29%)
Disclosure of sexual orientation¶
Disclosed to others 262 (68%) 205 (63%) 209 (66%) 222 (63%) 898 (65%)
Not disclosed to others 121 (32%) 123 (38%) 107 (34%) 132 (37%) 483 (35%)
Condomless sex‡
No 101 (26%) 92 (28%) 85 (27%) 98 (28%) 376 (27%)
Yes 282 (74%) 236 (72%) 231 (73%) 256 (72%) 1,005 (73%)
Syphilis testing‡
No 360 (94%) 317 (97%) 301 (95%) 335 (95%) 1,313 (95%)
Yes 23 (6%) 11 (3%) 15 (5%) 19 (5%) 68 (5%)
Ever tested for HIV
No 219 (57%) 181 (55%) 173 (55%) 217 (61%) 790 (57%)
Yes 164 (43%) 147 (45%) 143 (45%) 137 (39%) 592 (43%)
Data are n (%).
Group 1: Guangzhou, Yantai; Group 2: Jiangmen, Jinan; Group 3: Zhuhai, Qingdao; Group 4: Shenzhen, Jining.
†Born biologically male and now identifies as female or transgender.
¶Has told anyone (except sexual partners) about sexuality or sexual history with men.
‡In the past 3 months.
https://doi.org/10.1371/journal.pmed.1002645.t001
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participants who had never tested for HIV at baseline, 390 (56%) tested at any point during the
study period (S3 Table). A total of 395 participants reported testing only once during the fol-
low-up period, whereas 360 participants tested during more than one follow-up period (211
people tested twice, 107 people tested three times, and 42 people tested four times [S4 Table]).
A total of 593 participants (49% of 1,219 participants who completed at least one follow-up)
received HIV self-testing. Of these, 442 (75%) used our self-testing platform, and 132 (30%)
returned their self-test results via WeChat. Among these individuals, seven (5%) confirmed
results were positive. We found that 93.9% of self-reported results were consistent with the
returned photo of results (S5 Table).
Table 2. HIV testing rates by intervention group over four follow-up periods among Chinese MSM, 2016–2017 (N = 1,219).
Group Enrollment, n HIV testing proportion in the past three months, percent (participants tested/total participants)
1st follow-up 2nd follow-up 3rd follow-up 4th follow-up
Group 1 383 19.1 (56/293) 35.4 (99/280) 25.4 (70/276) 32.0 (88/275)
Group 2 328 19.7 (55/279) 32.7 (85/260) 29.1 (69/237) 36.5 (85/233)
Group 3 316 19.8 (51/257) 23.9 (61/255) 49.8 (122/245) 39.4 (93/236)
Group 4 354 21.3 (62/291) 28.3 (83/293) 29.0 (83/286) 48.7 (128/263)
Follow-ups took place at 3-month intervals. Group 1 represents Guangzhou and Yantai; Group 2, Jiangmen and Jinan; Group 3, Zhuhai and Qingdao; Group 4,
Shenzhen and Jining. Intervention periods are shown in dark gray, post-intervention periods in light gray. A total of 755 unique individuals out of 1,219 participants
who filled out at least one of the four follow-up surveys tested over the intervention period (62%) tested during the follow-up period.
We included 1,219 participants who filled out at least one of the four follow up surveys in this analysis.
Abbreviation: MSM, men who have sex with men.
https://doi.org/10.1371/journal.pmed.1002645.t002
Table 3. Effect of crowdsourced intervention on uptake of HIV testing among Chinese MSM, 2016–2017: Generalized linear mixed models (N = 1,219).
Effect Estimate (95% CI)£ p-value ICC by city
Risk ratio
HIV testing in the past three months (individual level)
Intervention effect assuming fixed secular trend 1.43 (1.19, 1.73) <0.001 0.016
Per-protocol effect 1.49 (1.21, 1.83) <0.001 0.020
Intervention effect adjusted for province¶ 1.47 (1.21, 1.78) <0.001 0.011
Intervention effect adjusted for age, marital status, and income 1.43 (1.18, 1.73) <0.001 0.016
Intervention effect using multiple imputation 1.43 (1.17, 1.69) <0.001 - - -
By age group 0.52 (Interaction) 0.017
Age30 1.41 (1.16, 1.72)
Age >30 1.57 (1.12, 2.21)
By in-person community activities 0.27 (Interaction) 0.020
Cities with in-person community activities1 1.56 (1.24, 1.96)
Cities without in-person community activities2 1.35 (1.06, 1.73)
Risk (probability) difference, percent
City-level HIV testing in the past three months
Weighted by sample size for each city 8.9 (2.2, 15.5) 0.01 - - -
Assuming fixed secular trend across clusters.
¶Adjusted for the province (Guangdong and Shandong Provinces).
1Jinan, Qingdao, Guangzhou, Shenzhen.
2Jining, Yantai, Jiangmen, Zhuhai.
£We included 1,219 participants who filled out at least one of the four follow-up surveys in this analysis.
Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; MSM, men who have sex with men.
https://doi.org/10.1371/journal.pmed.1002645.t003
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By the end of the study period, 99 participants (50 from Guangdong province; 49 from
Shandong province) reported a positive HIV test result. The cumulative HIV prevalence
among those who tested for HIV was 13.1%. Of these, 32 individuals seroconverted during the
1-year study period. Seroconversion was defined has having an initial negative HIV test and
then a subsequent positive HIV test.
Secondary outcomes
Table 4 reports the results for secondary outcomes using an intention-to-treat approach. Our
intervention increased HIV self-testing (RR = 1.89, 95% CI 1.50–2.38, S6 Table; S4 Text lists
further statistical considerations). There was no difference in facility-based HIV testing
between the intervention and control periods (RR = 1.00, 95% CI 0.79–1.26). The crowd-
sourced intervention also did not improve condom use, syphilis testing, or anticipated HIV
stigma (Table 4).
Discussion
HIV testing is an essential first step in the HIV care continuum. Although HIV testing is a
major global health priority, in key populations large numbers of people remain untested [28].
We recruited MSM from eight Chinese cities and followed individuals longitudinally for 12
months to evaluate the effect of an intervention developed through crowdsourcing on promot-
ing HIV testing. We found that the crowdsourced intervention was effective in promoting
HIV testing compared to the control period, showing an 8.9% absolute increase (and a
43% relative increase) in HIV testing during the intervention period. The intervention was
particularly useful in promoting HIV self-testing. Our study extends previous research on
Table 4. Effect of crowdsourced intervention on secondary outcomes among Chinese MSM, 2016–2017: General-
ized linear mixed models (N = 1,219).
Secondary outcomes¶ Estimated risk ratio (95% CI) p-value ICC by city
HIV self-testing 1.89 (1.50, 2.38) <0.001 0.028
HIV facility-based testing 1.00 (0.79, 1.26) 0.99 0.002
Condom use 1.00 (0.86, 1.17) 0.96 0.007
Syphilis testing 0.92 (0.70, 1.21) 0.55 0.005
Using Weibo to give/receive information# 0.95 (0.77, 1.19) 0.66 0.010
Using WeChat to give/receive information# 1.18 (0.51, 2.75) 0.24 <0.001
Using QQ to give/receive information# 0.88 (0.71, 1.09) 0.25 0.030
Using gay mobile phone apps to give/receive information# 0.95 (0.35, 2.56) 0.62 <0.001
Increased community engagement£ 0.97 (0.44, 2.12) 0.70 <0.001
Estimate (95% CI) p-value
Mean difference
Anticipated HIV stigma −0.027 (−0.064, 0.010) 0.15 0.006
HIV testing social norms −0.010 (−0.041, 0.020) 0.51 0.002
HIV testing self-efficacy −0.008 (−0.039, 0.023) 0.62 <0.001
Adjusted for secular time trend as a fixed effect across clusters.
#Using WeChat, Weibo, QQ, or Blued to give or receive information about HIV testing, excluding receipt of
intervention materials.
¶We included 1,219 participants who filled out at least one of the four follow-up surveys in this analysis.
£Defined as whether the cumulative community engagement score increased, by comparing to the baseline.
Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; MSM, men who have sex with men.
https://doi.org/10.1371/journal.pmed.1002645.t004
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crowdsourcing by using it to develop a comprehensive HIV testing service, evaluating its effec-
tiveness in a pragmatic trial, and assessing the long-term effect of the intervention [17]. In con-
trast with our study, nearly all of the limited crowdsourcing health research studies have been
observational to date [17].
Within our study cohort, 62% of participants self-reported that they received HIV testing at
least once during the study period, and 56% of previously untested MSM received HIV testing.
This is consistent with the literature on global community-based HIV testing promotion
[14,28,29] but breaks new ground in formally evaluating crowdsourcing as an approach for
developing HIV testing services to identify untested individuals. The HIV prevalence we
observed was higher than that reported among studies from MSM in Shandong province
[30,31], suggesting a higher burden of HIV among previously untested MSM populations.
However, it also suggests that community-based, crowdsourced interventions are capable of
reaching these populations. Given the relatively low cost of crowdsourcing [14], these types of
approaches may be useful in a number of LMIC settings.
The World Health Organization now recommends HIV self-testing [32]. While there is evi-
dence suggesting that HIV self-testing can increase HIV testing among MSM [33–37], studies
have not previously measured longitudinal effects in China or described community input. In
our study, 49% of participants underwent HIV self-testing, 75% of whom used our self-testing
platform, further supporting the acceptability of HIV self-testing. Our study also showed that
the crowdsourced intervention increased HIV self-testing but not facility-based testing,
highlighting the need for further research to enhance linkage to HIV prevention and other
services.
Our data indicated that the intervention was effective among both young and older MSM.
Young MSM were heavily invested in all of the participatory activities that shaped the design
and implementation of the intervention. Given the high rates of WeChat/Weibo use among
youth, we speculate that crowdsourcing may be particularly effective among young MSM who
use social media. Considering that our intervention engaged substantial youth in each city to
provide feedback about HIV services [17,20], crowdsourcing may help to develop more youth-
friendly HIV services.
Our study has several research and policy implications. It suggests that crowdsourcing
could be used to design tailored HIV services, providing direction for subsequent crowdsourc-
ing research. Also, crowdsourcing provides an inclusive, effective way to solicit community
input; hence, it might be used to inform health policy [38,39]. Finally, when planning HIV
interventions for MSM, researchers and policy makers should consider social media interven-
tions to expand dissemination [9].
Our study has several limitations. First, most HIV testing data were based on self-report.
Nevertheless, previous studies have demonstrated that HIV test self-report reliably correlates
with operational HIV testing data [40,41]. Within the sample of participants who returned
images of their self-testing kit results, the vast majority of returned results was consistent with
the self-reported results (S5 Table). Second, 23% of the non-seroconverted men did not finish
our last survey, a relatively large loss to follow-up. Characteristics of participants lost to follow-
up differed from participants who completed the last follow-up in age and income (S2 Table).
However, our findings were robust when adjusted for age and income, and also when using
multiple imputation analysis. Third, this study was limited in its generalizability. The RCT
only included MSM recruited online. However, a previous study suggested that findings from
online MSM studies in China are comparable to national MSM data [42]. Additionally, this
study recruited mostly young men from urban China. Further research is needed among
groups of different ages, cultures, and locations. Fourth, the implementation of HIV self-test-
ing was delayed in two cities because of logistical problems. This may explain why HIV testing
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rates were lower in the earlier groups, which would bias our effect estimates towards the null,
suggesting that reported results are even more conservative than the true effect. Fifth, we did
not collect data on linkage to care. Linkage to care is a key component for HIV testing. Previ-
ous work has shown that CBOs can adopt innovative methods to promote linkage to care,
which can be incorporated into future interventions [43]. Finally, there may have been con-
tamination between the intervention and control periods, especially among participants of the
crowdsourcing contest and designathon who may have viewed intervention materials in
advance. We did not collect information on whether men participated in contests used to
develop the intervention. Because it would be impossible to determine if control groups had
inadvertently seen the intervention without exposing them to the intervention, we did not col-
lect information on potential spillover effects. However, given that the intraclass correlation
for participants within each city was low, we anticipate that the impact of the spillover would
also be small.
In summary, crowdsourcing can help spur the development of new HIV testing services.
Our data demonstrate that a crowdsourcing approach effectively increased HIV testing in Chi-
nese cities, especially HIV self-testing among MSM. While the crowdsourcing approach was
implemented across cities, each city’s local contests helped shape and contextualize testing
messages for local communities. Crowdsourcing approaches may be an important tool for
localizing and differentiating HIV services.
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